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The  KJeldahl  method,  or  one  of  its  various  modifications,  is 
used  extensively  for  the  routine  determination  of  protein  in  v/hes.t 
and  v/heat  flour.     T  .-j  method  Is  relialle,  fairly  ra-)id,  and  is  well 
adapted  to  routine  v/or}-:,     Cortain  shortcomings  of  the  K  'e'^dahl  method, 
hgv/ever,  definitely  limit  its  usef'ulness ,     I:i  order  to  perform  a.  lar^-e 
volme  of  v;ork,  a  protein  laboratory  must  he  eouipped  with  elaborate 
and  very  expensive  ecuipment  vniich  must  he  pernajiently  installed  and 
is,  therefore,  nonportable ,    Lr ;e  quantities  of  strong  acid  and  al- 
kali must  he  used,  and  noxi  -us  fiLmos  ??nd  excessive  heat  arc  character- 
istic of  most  protein  lahoratorios. 

The  Agricultural  Marketing  Scrvi-^e  is  interested  in  the  develop- 
m.ent  of  some  simplified  procedure  hy  v/hich  protein  determinations  may 
he  miade  conveniently  in  small  lahorr.tories  v/ithout  the  insta,llation  of 
cumbersome  equipment.     Such  fi  method  ma'y  be  of  considerable  value  in 
certain  tj^oes  of  gra.in- inspection  work. 

The  'ir.thod  herein  described  has  been  developed  by  utilizing  cer- 
tain physico-chem.ical  properties  of  the  gluten  proteins,  and  is  not  based 
on  o,ny  previously  established  procedure.     It  r-;k/)  \ld  be  mentioned,  hov/- 
ever,  that  S'- veral  colorimctric  and  turbidimetric  methods  for  determin- 
ing the  protein  content  of  various  body  fluids  have  been  developed  in 
recent  years  and  are  being  used  to  advantage  in  clinical  laboratories 
for  the  routine  njialysis  of  blood  serum,  urine,  and  cerebro-spinal 
fluid.     Since  the  -ohotometer  is  used  with  success  in  som.e  of  these 
clinical  methods,  it  v;as  believed  th ;t  -a  photometric  method  might  be 
developed  for  the  determination  of  ;;-)rotein  in  cereal  products. 

T.'.LO  proteins  of  wheat  flo'or  are  readily  peptir-ed  by  very  dilute 
al3^ali.     V^nen  nn  alkaline  solution  cont.-iining  the  peptized  flour  pro- 
teins is  neutralized,   the  gluten  proteins  are  precipitated.     If,  hov/- 
ever,  the  protein  sol  is  sufficiently  dilute,  :ind  its  hydrogen-ion 
concentr:\tiGn  after  neutralization  is  controlled  by  a  suit-^ble  buffer, 
the  precipitated  gluten  'oroteins  will  not  separate  from  the  solution 
but  will  remain  dispersed  in  the  form  of  a  highly  stable  celloid.al  sus- 
pension.    Tl'::-  degree  of  turbidity  of  such  a  suspension  is  a  measure  of 
the  gluten  -orotein  content  o'f  the  flo^ur. 


Sxp';rimental  W-rk 

To  determine  the  optimum  hydrogen-ion  concentration  and  the  mini- 
mum time  reciuired  for  the  -oroduction  of  the  greatest  turbidity  in  a  neu- 
tralized .alkaline  extr.act  of  wheat  flour,  5  ^^1*  port  ions  of  a  filtered 
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0,05  N.  potassium  hydroxide  extract  of  a  floui*  were  added  to  25  ml.  por- 
tions of  a  series  of  "buffer  solutions.     The  buffers  covered  a  range  in 
pE.  values  from  6,0  to  8.7 »         were  prepared  "by  mixing  m/5  solutions  of 
UapH  POij.  and  KH^  PO^  in  various  proportions.    Tlie  relative  degrees  of  tur- 
iDidity  of  the  suspensions  produced  were  determined  "by  measuring  the  light 
transmission  through  a  definite  depth  of  suspension  hy  means  of  a  photo- 
electric photometer,  using  a  light  filter  with  a  msjvimum  light  transmission 
at  a  vrave  length  of  53^  millimicrons.     1i\e  values  obtained  are  given  in 
tahle  1. 

It  is  evident  that  under  the  conditions  used  the  maximum  turhidity 
(minimum  light  transmission)  is  attained  "by  using  a  "buffer  of  pr  7»'"^» 
v/hich  results  in  a  suspension  having  a       :)f  approximately  8.  2*    It  is 
also  evident  that  the  maximum  turhidity  occurs  in  a'oout  6o  raiLuoes  after 
the  addition  of  the  "buffer  to  the  extract.     This  time,  hov;ever,  is  not 
critical,  since  the  change  in  tur"bidity  hetween  ^5         90  minutes  is 
very  small.     It  vnz  further  shown  that  the  tenperatu-re  of  the  suspen- 
sions had  very  little  effect  on  the  final  degree  of  tur"bidity,  at  least 
v/ithin  the  ordinary  ro,nge  of  la"boratory  temperature.     Por    very  exact 
work,  hov/ever,  it  is  possihle  that  the  temperature  should  "be  con- 
trolled or  that  a  tem.perature  correction  factor  should  "be  used. 

The  follov/ing  method,  "based  on  the  foregoing  e:q)eriments,  was 
used  to  determine  the  relationship  hetween  the  turhidity  produced 
and  the  protein  content  of  the  flour. 

(1)  To  exactly  0.5  gm.  of  flour  in  a  200-ml.  Erlon- 
meyer  fla,sk,  add  exactly  5  "■'•'il*        95  percent  ethyl  alcohol  (to 
prevent  the  flour  from  coalescing)  and  10^'  ml,  of  O.O5  N«  KOH  • 

(2)  Shake  mixtuire  intermittently  for  15  minutes  and 
th^n  centrifuge  for  10  minutes  at  -ap-oroximately  160O  R.P.M. 

(3)  To  ex.actly  5  "t^e  centrifugate  in  a  photo- 
meter tost  tuhc  ('■           the  selected  tuhes  for  use  in  lieu 
of  an  ahsorption  cell),  "-/'d  exactly  25  ml,  of  a  iDuffer  solu- 
tion made  "by  nixing  6  pa.rts  "by  volume  of  M/5  KHq  ^Olj.  with 
9U  parts  oy  volujiie^  of  M/5  Ka^H  P0]_,,     This  buffer  solution 

•    should  have  a  p"!  of  J.G.    Mix  the 'c-i^ntents  of  the  test  tuhe 
"by  inversion  olid  allow  to  stn;nd  for  1  hour. 

(2-  )  Determine  the  transmission  of  light  through 
the  solution  in  the  test  tu"be  vdth  a  photoelectric 
photometer,  using  a  light  filter  having  a  r.iax:imutn  trans- 
mission at  a  wave  length  of '530  millimicrons.  (Other 
wave  lengths  v/ill  give  different  hut  equally  as  satis- 
f o.c  t  or y  r  c  sul  t  s  ,• ) 
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Thirty-four  s.oj.iples  of  flour  repres-en-ting  all  classes  of 
domestic  wheat  except  duruii  v/ere  analyzqd  "by  this  method.  These 
flours  ranged  in  protein  content  from  7*3^  percent  to  l6,26  percent, 
and  in  ash  content  from  0,3^  percent  to  0,6l  percent,     T'^jc  results 
are  given  in  tahle  II  ■':iv.  a.re  shov.^i  gra,;hically  in  comparison  with 
the  protein  content  values  as  determined  "by  the  conventional  Kjcldahl 
m.ethod  in  figure  1» 

"Fv-n  the  curve  in  figure  1  it  is  evident  that  the  protein  con- 
tent can  he  predicted  rather  accurately  from  the  light  transmission 
values,     0.\ly  3  of  the  3^  flo^or  samples  shew  deviations  from  this 
relationshro  of  more  than  0,3  percent  in  terms  of  protein  content,  the 
m.epji  deviation  hcing  O.15  ;pcrcent  jJ-otein, 

Si'o.co  f.]\Q  turhidlty  produced  in  those  suspensions  is  caused 
"by  the  gluten  "oroteins  only,  v/hilc  the  alh^min  and  glo"bu].in  remain 
completely  dispersed,  any  variation  in  the  normal  ratio  of  gluten  to 
nongluten  protein  v;ill  cause  a  deviation  in  the  relationship  Detv/een 
total  protein  content  and  light  ahsorption.     Theoretic-ally,  there- 
fore, the  light  absorption  values  shou].d  he  an  even  hotter  index  of 
gluten  protein  content  thoji  of  total  protein  content. 

To  test  this  theory  the  protein  pepti?;ahle  in  5  percent  potassiui.1 
sulfate  solution  was  determined  on  each  of  the  3^'"  samples  of  flour 
under  investigation,  and  hy  difference  the  protein  not  peptizahle  hy 
the  same  salt  solution  v;as  determined.     This  latter  protein  fro.ction 
riO.y  he  considered  .an  approxir.ate  measure  of  the  gluten  protein  con- 
tent, since  the  gluten  proteins  arc  not  .approciahly  dispersed  "by  5 
percent  potassiui'-i  sulf.ate.     These  values  also  oxc  given  in  tahle  II 
and  are  shov.m  graphicoJly  in  figure  2. 

A  coi-iparison  of  figures  1  o.nd  2  shows  a  he t tor  relationship  • 
hotween  light  transmission  ond  0)rotein  not  peptizahle  with  5  percent 
potassium  sulfate  than  hetv/een  light  tra.:isr.iisf.;ion  and  tot<al  protein. 
The  me.an  deviation  was  reduced  to  O.I3  percent  protein  rtnd  only  1 
of  the  3^  sam.plcs  devio>tcd  hj-  m.ore  thrii  0,3  percent  protein  from  the 
general  relationship  as  shov/n  hy  the  c^urve  in  figure  2»     It,  there- 
fore, ap";)e.ars  that  the  photoelectric  method  is  a  slightly  more  exact 
Ticasuxe  of  gluten  protein  content  than  of  total  protein  content  of 
v;he.at  flour,  and  should  therefore  he  0.  slightly  hotter  index  of 
h.aking  quo.lity  than  the  totrl  protein  content  as  deterriined  hy  the 
Kjcld.ahl  ricthod, 

A  'orotein  determination  hy  the  "jhotometric  m.ethod  as  des- 
crihed  may  he  made  in  oh  out  the  Scame  length  of  timio  a,s  hy  the 
Kjeldahl  method,  and  m.ay  he  m.o.de  in  considcrahly  less  time  with  hut  ■ 
little  sacrifice  in  <o.ccuro,cy  hy  allov/ing  only  15  minutes  for  the  develop- 
ment of  turhidity,     ?or  routine  work  the  photometric  method  should 
prove  considerahl3/  more  ro;pid  and  less  fatiguing  to  the  ano.lyst  than 
the  Kjeldahl  m.ethod. 
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Table  II*-  Sl'ipv.'ing  tlie  relationslii^  between  protein  content  and  li^^ht 
transmission  values  on  a.  series  of  34  flour  saiiToles 


Saiuple 
No* 


Class  and  variety  of  vjlieat 
fron  wliicli  flour  was  milled 


Total 


Prot e  in  c ontent 

_{b.s_  is  basis )  

Not  peptized 
by  5  "oercent 

Percent 


Percent 


L  i  gb t  t  ran  sml s  s  i on 

at  "^-oTjO  n  mu» 
(in  7  by  7/8-incb 
test  tuUes) 

Percent 


1 

VJliite ,  (Otber  than  Federation 

7' 

30 

5. 

85 

70. 

4 

or 

Baart ) 

2 

Wiite  Club 

7. 

o& 

6- 

18 

69. 

0 

28 

White 

s. 

61 

6. 

89 

62. 

8 

29 

White 

0  • 

77 

6 ' 

98 

62. 

1 

3 

White  Federation 

8. 

80 

b  • 

86 

65' 

4 

52 

Soft  Red  Winter jPurkoff 

13 

7. 

39 

58. 

7 

34 

Soft  Red  Winter, 

Witt any 

9. 

31 

7. 

63 

57. 

6 

33 

Soft  Red  Winter, 

Red  Rock 

9 ' 

4-4 

7. 

59 

58. 

3 

4 

Hard  Red  'Jin tor 

9. 

44 

7. 

91 

55 . 

9 

5 

lY]?.its  (Other  tha: 

1  Baart ) 

9. 

70 

0  . 

16 

56. 

7 

26 

White 

0 

79 

7. 

96 

56. 

4, 

5 

''Riite,  Baart 

10. 

09 

46 

55. 

0 

19 

Hard  Red  Spring 

10. 

13 

8. 

46 

53. 

7 

10 

(Unlrnovjn) 

10. 

.47 

0 . 

57 

54. 

2 

7 

Hard  Red  Winter 

10. 

86 

0  . 

19 

50. 

.4 

24 

Hard  Red  Spring 

11. 

01 

C} , 

IS 

51. 

4 

50 

Hard  Red  Winter, 

I'.Hnnturhi 

11. 

05 

r\ 

27 

49. 

5 

25 

Hard  Red  Spring 

11. 

18 

9. 

51 

50. 

1 

51 

Hard  Red  Winter, 

"2614" 

12. 

08 

10. 

10 

46. 

1 

14 

Hard  Red  Spring, 

Ivlarc[uis 

12. 

29 

10. 

25 

45. 

.4 

16 

Hard  Red  Spring 

12. 

59 

10. 

.50 

44. 

.8 

8 

^■Jhite,  Baart 

12. 

52 

10. 

.37 

47. 

9 

20 

Hard  Rod  Spring 

12. 

OS 

10. 

.96 

43. 

.7 

12 

Hard  Red  Snring, 

Sturgeon 

12. 

90 

10. 

» "  7 

42. 

.9 

17 

Hard  Red  S'-)rinr:: 

15. 

00 

11. 

14 

42. 

.1 

11 

Hard  Red  Spring, 

Progress 

13. 

54 

11- 

.09 

41. 

.7 

13 

Hard  Red  Spring, 

Thatcher 

13. 

55 

11. 

38 

40. 

.7 

18 

Hard  Rod  Spring 

13. 

.94 

11. 

.92 

39. 

.4 

9 

Hard  Red  Spring 

14. 

.59 

12. 

.36 

38. 

6 

25 

Hard  Red  Spring 

14. 

41 

12. 

42 

37. 

9 

27 

Miite 

14. 

.68 

12. 

53 

38. 

2 

21 

Hard  Red  Spring 

14. 

.8S 

12. 

.85 

37. 

.1 

22 

Hard  Red  Spring 

16. 

.00 

13. 

.78 

34. 

.7 

15 

Hard  Red  Spring 

16. 

26 

14. 

.22 

33. 

9 
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No  talDle  for  converting  plio  tone  trie  readings  into  protein 
percentages  is  presented  herewith,  since  there  is  sone  question  as  to 
the  unifornity  of  different  i.iakes  of  photoneters,  and  since  the 
results  herein  reported  were  ohtained  "by  the  use  of  selected  test 
tuhes  in  the  ^hotoneter  instead  of  precision  ahsorption  cellso 
The  use  of  such  test  tuoes  when  v/ell  r.iatchod  is  highly  desiralDle  for 
routine  work,  and  the  results  olDtained  are  of  the  soxie  order  of 
accuracy  as  when  precision  cells  ?urc  used.    However,  a  conversion 
tahle  "based  on  such  a  series  of  test  tuhes  cannot  "be  e:qpectod  to  apply 
to  any  other  series  of  matched  tuhes.    For  the  present,  therefore,  it 
is  recoir.iended  that  in  the  application  of  this  photonetric  nethod 
each  instruiient  he  calihrated  against  the  standard  Kjeldahl  procedure 
for  a  series  of  flour  sanples. 

Conclusions 

A  photonetric  nethod  for  deternining  the  protein  content  of 
wheat  flour  has  "been  develo-oed.    The  results  are  in  .=cood  a.greenent 
v/ith  those  ohtained  "by  the  standard  Kjeldahl  procedure  and  appear 
to  he  a  sonewhat  "better  neasure  of  gluten  protein  than  of  total  pro- 
tein content. 

The  principal  advantages  of  the  photonetric  nethod  for  routine 
work  should  he  the  ease  and  rapidity  with  v/hich  a  large  volune  of  work 
can  "be  handled  with  -a  nininu'-i  cjiiount  of  equipnent,  and  v/ithout  the 
unpleas.?Jit  features  usually  associated  with  a  protein  la'boratory. 

■Efforts  v;ill  he  nade  to  ada.pt  the  procedure  to  the  deternina- 
tion  of  .protein  in  v;heat  as  v/oll  as  flour.     The  success  of  this  effort 
would  greatly  enhance  the  -3)rcactical  value  of  the  nethod. 

»)«       a)t       :4c       ){«  »)c 


